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With the advent of 1934, General 
Radio announces a new Class C-21-H 
Standard-Frequency Assembly, Series 
690. While identical in its functional 
aspects with its predecessor, each com¬ 
ponent unit of the assembly has been 
redesigned and the result is a consider¬ 
ably higher accuracy specification and 
a vastly improved stability of opera¬ 
tion. New and improved electrical 
circuits using modern types of vacuum 
tubes contribute materially to the 
improved accuracy and stability, while 
a number of features of mechanical 
design make the installation and opera¬ 
tion a simple matter. The accuracy is 
conservatively specified as ±5 parts in 
10 million. Actually, one part in 10 mil¬ 
lion can be obtained over long periods 
of time. 

A few of the outstanding features 
of this frequency standard are outlined 
below. 

1. Piezo-Electric Oscillator 

The crystal oscillator uses an elec¬ 
trical circuit which is a new and suc¬ 
cessful approach to the problem of 
making a quartz crystal oscillate at its 
resonant frequency. The over-all fre¬ 
quency stability with respect to oper¬ 
ating parameters exceeds that obtain¬ 
able with other types of oscillators. 
Automatic bias control assures con¬ 
stant amplitude and operation at small 
amplitude contributes materially to the 
frequency stability. The 50-kc quartz 
bar uses electrodes deposited directly 
on the quartz, and its mounting is 
designed to introduce as little damping 


FtGUBE 1. The new Claw C-21-H Standard- 
Frequency Assembly 
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2. Multivibrator. 

The new multivibrators constitute a 
considerable improvement over pre¬ 
vious types. The stability of control’is 
exceptionally good, in spite of large 
changes in operating and control 
voltages. The circuit elements are 
adjusted at the factory before ship¬ 
ment and these adjustments are prac¬ 
tically permanent, assuring correct 
operation when received. Three multi¬ 
vibrators are used operating at 50 kc, 
10 kc, and 1 kc respectively. 


3. Sell-Starting Synchronous Clock 

The synchronous-motor clock has 

been provided with a 60-cycle auxiliary 
motor for starting purposes. To bring 
the motor up to synchronous speed, it 
is only necessary to press a button on 
the panel. 

4. Power Supply 

The assembly is designed to operate 
from a 115-volt, 60-cycle a-c line. Two 
types of power supply equipment are 
available. One of these provides current 
for trickle charging lead-type storage 
batteries as in the previous model. The 
other furnishes filament and plate 
power directly from the line without 
the use of batteries. 

There is no essential difference in the 
frequency stability obtainable from the 
floating-battery or from the completely 
a-c operated assemblies, and the choice 
between the two may well be based en¬ 
tirely upon whether or not 100 per 
cent continuous service is required. 

With the completely a-c operated 
assembly, of course, a momentary 
failure of the power line will remove 
plate and filament supplies and inter¬ 
rupt the timing. The heat supply for 
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Figure 2. A Class C-10 Secondary Standard 

the temperature-control unit will also 
fail, and, if the interruption lasts for 
more than a few minutes, the assembly 
will be out of service until the operat¬ 
ing temperature of the crystal can be 
restored to normal. For a great many 
purposes, such interruptions are of no 
great moment, either because of an un¬ 
usually reliable a-c supply or because 
the annoyance of interruptions in ser¬ 
vice is more than compensated by the 
additional cost of the floating-battery 
assembly and the necessary batteries. 

The floating-battery assembly is the 
ideal installation where as close an ap¬ 
proach as possible to continuous ser¬ 
vice is required. Both filament and 
plate supplies are carried by batteries 
and these can be chosen in sizes suf¬ 
ficiently large to carry the assembly for 
any emergency that the user cares to 
anticipate. Power for the temperature- 
control system comes directly from the 
a-c line, but, when it fails, relays auto¬ 
matically transfer the heater circuits 
to an "auxiliary heat reserve” which 
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C"'' zero for any load current within its 
range, unlike the rheostat in which 
control is lost as the load current 
approaches zero. 

Furthermore, since series resistance 
is not introduced into the line as the 
control is varied, the voltage regulation 
afforded by a Variac is much better 
than with a rheostat. The high effi¬ 
ciency of a transformer is substituted 
for the necessarily inefficient resistance 

Further development work has 
been done on Variacs for different 
line voltages and load current ratings. 
There is now available the Type 
200-B Variac, a smaller unit designed 
for 115-volt service and a maximum 
current of 1.0 amperes. It is intended 
for building into other instruments re¬ 
quiring a smooth voltage control. Typ- 
,/”% ical applications would he to vacuum- 
tube rectifiers whose output voltages 
must be adjustable under varying 
load conditions or to small motors 
requiring a speed control. 


The small Variac is designed to give 
any desired voltage between 0 and full 
line voltage. Prices: Type 200-B Variac 
(for 115-volt line), $8.50. 

The small Variac is suitable for 
mounting either on a baseboard or be¬ 
hind a panel like all General Radio 
rheostats. By removing the knob shown 
in the photograph, loosening the 
brush arm, and pushing through the 
shaft, the knob can be attached to the 
other end, thus making over the unit 
for behind-the-pancl mounting. 


The unmounted and the mounted 
models of the large 5-ainpere Variac, 
shown at the center and right in the 
photograph below and described in the 
June-July issue of the Experimenter, 
are also available for operation from a 
115-volt, 60-cycle line. It has an output- 
voltage range from 0 to 130 volts so 
that it can be used to compensate for 
low line voltages. 
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AS THE WAVE ANALYZER VIEWS THE TUNING-FORK ^ 
OSCILLATOR 



T he tremendous range in voltage 
that can be measured with the fre¬ 
quency-selective voltmeter known as 
the wave analyzer is nowhere better 
illustrated than in the analysis of a 
Type 213-B Audio Oscillator, shown 
on the opposite page. Harmonics as 
high as the eighth were picked off and 
measured even though the amplitudes 
got down to as little as 0.006 per cent 
of the fundamental voltage. The 
magnitude of the fundamental can be 
estimated for any value of load im¬ 
pedance by considering the curve of 
output in milliwatts. 

In taking these data, the straight¬ 
forward simplicity of the wave analyzer 
was of considerable help. After the 
preliminary adjustments (calibration 
check and detector balance) were 



The Type 636-A Wave Analyzer 


The 400-cyde Tyfb 213-B Audio Oscillator 
whose waveform characteristics are shown 
on the opposite page 

made, it was merely necessary to make 
one scries of measurements for each 
value of load resistance into which the 
oscillator was to be worked. 

The amplitude of the fundamental 
was first measured. The multiplier ad¬ 
justment on the voltmeter was then 
changed until a deflection of 1000 di¬ 
visions was obtained. The amplitude of 
each successive harmonic voltage was 
then taken, using the same multiplier 
setting, so that the amplitude of each 
harmonic expressed as a percentage of 
the fundamental could be read directly 
from the meter. 

Of particular interest is the curve 
representing data taken with the 
distortion-factor meter on the same 
oscillator. The data agree to within 
±5 per cent of the values obtained by- 
calculation from the wave-analyzer 
data. The distortion-factor meter, it 
will be remembered, is an instrument 
containing filters that reads directly in '"'n 
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The Distortion-Factor Meter and . 

per cent the distortion factor of the 
wave, the distortion factor being the 
ratio (expressed in per cent) between the 
r-m-s value of the complex wave with¬ 
out the fundamental to the effective 
value of the fundamental alone. It is an 
accurate and convenient instrument for 
distortion measurements at a single 
fixed fundamental frequency. Since 
the filter cuts out everything above 
the fundamental frequency, the in- 

of the contribution of energy at / j2. 

It should also he noted when using 
these data as a measure of the use¬ 
fulness of the audio oscillator for a 
given purpose that the impedance 
range shown is extremely wide. For 
all normal purposes (such as supply¬ 
ing energy to a bridge) the load im- 


i«r4O0^y^.' Pn, ' nl ^ d “ ,0r, '° n 
pedance will lie somewhere between 
200 and 2000 ohms. The data given, 
incidentally, are for the medium out¬ 
put impedance tap of the oscillator. 

The oscillator has two other taps on 
its output transformer. The data given 
in the curves on the preceding page 
may be considered as applying to the ''"N 
other two taps by dividing by 10 to ob¬ 
tain values for the low tap and multi¬ 
plying by 10 to obtain values for the 
high tap. In other words, a load of 
about 30 ohms on the low tap would 
have the same harmonic content as 300 
ohms on the MEDIUM tap or 3000 ohms 

Complete explanatory data concern¬ 
ing the Type 636-A Wave Analyzer will 
lie found in the General Kadio Experi¬ 
menter for June-July, 1933. 
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